chosen because it was the lowest temperature at which constant sample weight could be achieved in a time of less than two days heating under vacuum, lt is well-known that it is common practice to dry coals at significantly lower temperatures than this and that various degrees of non-covalent bond rearrangement of the coal structure occur at or below a temperature of 145"C. Some of these kinds of rearrangements have probably actually begun with the removal of water in the drying step.
Since the NMP from the CS2/NMP binary solvent was bound, presumably noncovalently, so tightly as to require heating to 145"C, our assessment was that this process could not be appreciably worse than the drying and CS2/NMP extraction steps themselves. It should be noted that any conclusions to be drawn from this study will apply, strictly speaking, only to the properties of the materials as they exist after heating to 145"C and not necessarily to these properties in native coals at ambient or other different conditions.
The extraction results by weight and some of the analyses, to be discussed in greater detail next, show that appreciable amounts of NMP are retained in the residues and extracts of the coals• The sums of the weights of the residues and extracts were found to exceed the original weights of the whole coals in ali cases for which we made measurements. The results on an organic matter basis are presented in Figure 1 for seven of the coals. Recovery of the Beulah Zap residue was not quantitative and has been omitted from There is an excellent correspondence between the trends in the relative amounts of NMP in the extracts (Figure 2 ) and the trends in the relative amounts of NMP that can be washed from the residues (Figure 3) . The extracts displaying the largest NMP contents (Illinois No. 6, Pittsburgh No. 8, Lewiston Stockton and Pocahontas) were also the only coals with an obvious NMP carbonyl stretch peak at ca. 1670 cm" 1 in the IR spectra. There is also a good correspondence between these trends and the trends in the percentages by weight of solvent retained ( Figure 1) for most of the coals, the Wyodak Anderson coal being the most obvious exception. The same discrepancy, that is so obvious in the Wyodak Anderson coal, between the NMP retained by weight and the amounts present in the extract and washable from the residue, upon closer examination, is also found to be present in several of the other coals. The actual percentages of NMP in the extracts and residue washings of the Pocahontas, Lewiston Stockton and Blind Canyon coals appear to be in line with the percent NMP retained by weight. However, the sums of the percentages of NMP in the extracts and residue washings of the Upper Freeport, Pittsburgh No. 8, Illinois No. 6 and Wyodak Anderson coals fall short of the percentages of NMP retained by weight. The discrepancies (aside from the exceptions of the Blind Canyon and Lewiston Stockton coals) tend to increase with decreasing coal rank. 6 The results suggest that there is an increasing tendency with decreasing coal rank for NMP to be retained so tightly in the residue that prolonged heat treatment at 145°C and acetone washing cannot remove it. lt is possible that it is an increasing tendency for some coals to hydrogen bond to NMP with decreasing coal rank that is responsible for these observations.
On the basis of the yield by weight of extract and residue, the total NMP retained ( Figure  1 ) and the percent NMP found in the extract (Figure 2 ), the extract and residue yields on an NMPfree basis have been calculated and are presented in Table 1 • "...... ":'::". The IR __ 0fthe extraets"dispiaytiie _kinds:"of_nds with"C0alrank that are"gener_iy ;_/ ...... :-. ',:,; expected. The aromatic C-H out-of-plane bending and C-C stretching bands are observed to increase with the rank of the parent coal above about 80% carbon but are weak and not clearly identifiable in the extracts of coals of lower rank. This is in accord with increasing aromaticity of the parent coal with increasing rank. The methyl and methylene C-H stretching peaks in the extracts of ali eight coals are observable and have intensities that decrease with parent coal rank. Also noteworthy is the fact that the ratio of methyl to methylene C-H stretching peak intensities appear to increase with coal rank. This suggests that, as the aliphatic nature of the coal extracts increase with decreasing parent coal rank, there is a tendency toward longer chains with relatively more methylene groups per chain (usually terminated with a methyl group). A broad band of C-O stretehingmodes, superimposed by that of NMP in some of the coal extracts, is found between 1550 cm "1 and 1750 cm "I throughout the range of extracts. The broad band exhibits relatively subtle changes in shape from one saml:le to another and is probably from a variety of functional groups that contain the C---O group. The overall intensity of the broad C-O stretching band appears to be more a function of the particular coal than a function of parent coal rank. The absence of the strong, sharp C-O stretching peak characteristic of coal air-oxidation is missing in ali samples, presumably because of the oxygen-free extraction and sample preparation. The fact that the broad, weak C-O peaks are observed in the extracts of ali of the coals probably reflects the strong ability of the NMP in the solvent to extract the molecules with polar functional groups, across the range of coal ranks.
The solution proton NMR spectra of the extracts exhibit broad lines or bands in the aromatic(7-8 ppm) and aliphatic( 2.2-3 ppm) regions. Because of the breadths of the bands, the intensities are weak relative even to the impurity proton NMR peaks in the NMR grade deuterated solvents. Therefore quantitative integrations of these bands was not feasible, leaving only qualitative observations possible.
Somewhat surprising to us was the fact that the relative intensities of the aromatic and aliphatic bands did pot differ markedly through the range of ranks of parent coals. The intensity of the aromatic region, which is somewhat less obscured by solvent peaks than the aliphatic region, increases from a negligible level below 75% C in the parent coal • to a maximum at around 85% C in the parent coal and decreases again to an undetectable level again above 89% C in the parent coal. The constant relative NMR intensities of the aliphatic and aromatic proton bands may reflect the particular extracting character of the solvent across the range of coal ranks. The intensity change in the extract spectrum with coal rank suggests that, as the coals increase in aromaticity, there is a corresponding increase in numbers of aromatic protons up to around 85% C in the parent coal. Then, as one progresses from the more aliphatic to the more aromatic coal beyond 85% C in the parent coal, the extracted molecules suffer not only a loss of aliphatic protons but also a comparable loss of aromatic protons as a result of aromatic rit_g condensation.
Pulsed EPR Measurements
The pulsed EPR measurements on the whole Argonne coals are being published 2 (Appendix II). lt proved to be possible to measure separate relaxation times and numbers of spins in the inertinite maceral and in the other broad line macerals in the whole coals. The T 2 (spinspin relaxation times) were a measure of spin-exchange between the free radicals in the inertinite maceral and a measure of dipolar interactions between the spins in the non-inertinite macerals. T 1 (the spin-lattice relaxation time), which depends on lattice modulation of the proton hyperfine interactions in the free radical molecules in ali maceral types, appears to be a good index of the flexing of the coal matrix in which the fr_, radicals are bound.
Measurements of the pulsed EPR characteristics of the extracts and residues from the eight Argonne coals are well under way. The T1 of the whole coal maceral groups and the T1 of the extracts and residues are compared in Table 2 . The T 2 of the non-inertinite macerals in the whole coals and the T 2 of the extracts and residues are compared in Table 3 . More work remains to be done in analyzing the T 2 and their uncertainties (T 2 is obtained by graphical extrapolation of T 2 to a low pulse spin turning angle limit). Table 4 gives the numbers of spins per gram of organic matter in the non-inertinite macerals of the whole coals and the relative numbers of spins per gram in the extracts and residues.
Further work needs to be done to determine the absolute number of spins.
The spin-lattice relaxation rates appear to make good sense as indexes of the degree of flexing of the matrix of the free radical molecules. The extract relaxation times are comparable with the times of the non-inertinite macerals of the whole coals at low parent coal rank but become significantly less than those of the non-inertinite macerals at high rank. This suggests that the low rank, non-inertinite macerals are as "soft" as the solid extracts but the matrixes of high rank non-inertinite macerals are substantially more rigid than the solid extracts. This is probably a reflection of significantly more cross-linking and/or aromatic condensation in the high rank coals. In general, the T 1 of the residues are longer than the solid extracts supporting the idea that a more rigid molecular matrix is left behind in the residue when the extract molecules are removed. In general the residue T 1 times are shorter than the non-inertinite macerals from which they come, suggesting that the extraction process and perhaps the solvent retained have "softened up" the macromolecular matrix. The Blind Canyon and Pittsburgh No. 8 coals are interesting counterexamples in which it would appear that solvent extraction has left behind a more rigid matrix, perhaps through some special hydrogen bonding synergy between coal and retained solvent.
By-and-large the extract and residue spin-spin relaxation times are less than those of the whole coal and the residue T 2 are shorter than the extract T2q However, since the T 2 are probably determined by concentration-dependent dipolar interactions'-, a full analysis of these data cannot be done without completing the spin concentration analysis.
At this stage of the analysis we see few uniform trends in the numbers of spins per gram in the whole coals, extracts and residues, nor are we in a position to check the conservation of spins in the extraction process. Although there are some exceptions, the tendency for the number of spins per gram to increase with increasing coal rank in the whole coals is reflected in the residues• However, this tendency does not appear to carry over as strongly, if at all, to the extracts where the high rank Upper Freeport and Pocahontas No. 3 coal extracts have equal or fewer numbers of We have begun to explore the types of measurements that we need to make in order to facilitate the analysis of the T1 of the samples of the solid whole coal, extract and residue. To do. so we have focused our attention initially on the Upper Freeport whole coal sample. We have been using a lt-x-rg2 inversion recovery sequence, after which the free-induction-decay (FID) of the r42 pulse is acquired and Fourier transformed. Figure 4 shows the x = 50 lasec spectrum. The spectrum. The spectrum comprises three distinct lines. There is a very sharp line at about 10 ppm, whose T 1 is about 15 msec, which is inverted in Figure 4 . Then there is a line of ca. 12 ppm width, also centered at ca. 10 ppm, whose T 1 is so short (<< 50 l.tsec) that no indication of saturation was observed at x = 50 }.tsec. Thirdly, there is a very broad line of 80 -100 ppm observed width. (The actual width may be different and probably broader because of H 1 limitations.) The broad line is inverted in Figure 4 . The recovery of the broad line is biphasic with one T1 = 485 (+41) msec and with another, faster decay with T 1 --75 msec. If H1 is less than the width of the broad NMR line, it is possible that this faster decaying component is contaminated with some spin diffusion (T2) processes.
We have developed satisfactory methods of analyzing the saturation recovery of the broad NMR line but we are still working on appropriate data acquisition m'.thods to permit an analysis of the recovery of the sharp line. We believe that several components in this spectrum may be related to the maceral types present in the whole coal. This preliminary exercise on the whole coal should prepare us well for the extract and residue analyses except for the possible complications of retained solvent.
• .
• .. .. b Uncertainties were estimated to be less than 10% of the values given, except for the Pocahontas coal No. 3 inertinite value for which the uncertainty is 20%.
•°. .
• ....... . .., .
• .... ........ 
"Uncorrected for solvent retention and differences in echo decay.
t, Uncorrected for mineral matter content.
c Probably overestimated. See reference 2.
•°F igure Cal_|ions 1. Plots of points displaying the total solvent retained on a weight percentage basis in the NMP/CS 2 extraction of seven of the eight Argonne Premium Coal samples as a _anction of the percent carbon in the organic matter of the whole coal. (Omission of the Beulah Zap coal is explained in the text.) Solvent retained is presented as a percentage of weight relative to the organic matter in the whole c0al and isdefined, as [(R+E-W)/W] x 100%, where R, E and W are the dmmf weights of the organic matter in the residue, extract and whole coal, respectively. It is assumed the the mineral matter is retained entirely in the residue. W and the ash content are calculated fromthe dry weights of the whole coal and its ash percentage. R is calculated from the dry. weights of the whole coal and the ash content of the whole coal. E is the measured weight of' the extract.
2. Percent by weight of NMP found by NMR analysis in the extracts of seven of the eight Argonne coals as a function of the percent carbon in the organic matter of the whole coal. The Beulah Zap extraction yield was too small toperform this experiment.
3. Percent by weight of NMP found by NMR analysis in the aceton washing of the residues of seven of the eight Argonne coals as a function of percent carbon in the organic matter of the whole coal.
4. NMR spectrum of the Upper Freeport whole coal obtained from the Fourier transformation of the FID after the x/2 pulse in a n-x,-x/2 saturation recovery sequence at x = 50 kt sec. • Figure 3 ." . .. . . . ... .
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